This study examines the prevalence of food/housing insecurity and its association with psychological, behavioral, and environmental factors impacting antiretroviral (ARV) medication adherence and diversion among substance using HIV+ patients in South Florida. Five hundred and three HIV+ substance abusers were recruited through targeted sampling. Participants completed a standardized instrument assessing demographics, mental health status, sex risk behaviors, HIV diagnosis, treatment history and access, ARV adherence and diversion, and attitudes toward health-care providers. Chisquare and t-tests were used to examine differences by food/housing status and a multivariate linear regression model examined food/housing insecurity and its associations to ARV adherence. Food/housing insecurity was reported by 43.3% of the sample and was associated with higher likelihood of severe psychological distress and substance dependence. Nearly 60% reported recent ARV diversion; only 47.2% achieved 95% medication adherence over one week. Food/housing insecure participants had deficits in their HIV care, including less time in consistent care, lower access to medical care, and less favorable attitudes toward care providers. Multivariate linear regression showed food/ housing insecurity demonstrated significant main effects on adherence, including lower past week adherence. Medication diversion was also associated with reduced adherence. Our findings suggest that food/housing insecurity operates as a significant driver of ARV non-adherence and diversion in this population. In the pursuit of better long-term health outcomes for vulnerable HIV+ individuals, it is essential for providers to understand the role of food and housing insecurity as a stressor that negatively impacts ARV adherence and treatment access, while also significantly contributing to higher levels of distress and substance dependence.
Food insecurity is a public health problem of staggering proportions, affecting more than 1 billion people globally (Weiser et al., 2011) . Growing numbers of individuals in high-resource contexts are adversely impacted by insufficient food resources; in the USA, some 18 million households are classified as food insecure, with access to adequate food restricted by lack of money or other resources (Coleman-Jensen, Nord, Andrews, & Carlson, 2012) . Food insecurity has been associated with poor health status among the US general population, including chronic diseases such as hypertension, diabetes, and obesity (Dinour, Bergen, & Yeh, 2007; Seligman, Laraia, & Kushel, 2010) , and has also been cited as a significant barrier to health-care access (Anema, Vogenthaler, Frongillo, Kadiyala, & Weiser, 2009 ). Similar observations have been made regarding homelessness and housing instability, which have been repeatedly linked to poor health, premature mortality (O'Connell et al., 2010) , and inadequate medical care access among individuals in the USA (Kushel, Gupta, Gee, & Haas, 2006) .
Food insecurity has been widely examined as a risk factor for both HIV acquisition and HIV disease progression in the developing world, with several studies showing clear associations between food insecurity and increased sexual risk taking, reduced antiretroviral (ARV) adherence, reduced access to HIV treatment, and poorer clinical outcomes among HIV-infected populations (Reddi, Powers, & Thyssen, 2012; Weiser et al., 2012 Weiser et al., , 2011 . Although less common, research in high-resource contexts reports similar findings; a high prevalence of food insecurity is present among HIV-positive individuals, and particularly substance users, in both the USA and Canada Vogenthaler et al., 2010) , and is associated with increased sexual risk behaviors (Shannon et al., 2011) , reduced ARV adherence (Strike, Rudzinski, Patterson, & Millson, 2012) , decreased viral suppression (Vogenthaler et al., 2010) , and increased mortality . In a similar way, housing instability increases risk for ARV adherence problems, lower viral suppression, and poorer health outcomes among HIV+ individuals (Leaver, Bargh, Dunn, & Hwang, 2007; Milloy et al., 2012; Palepu, Milloy, Kerr, Zhang, & Wood, 2011) . Housing instability and food insecurity are often intertwined among impoverished HIV-positive individuals (Vogenthaler et al., 2010; Weiser et al., 2011) , indicating a high level of competing subsistence needs in this vulnerable population.
A number of pathways have been proposed to account for the links between food insecurity and HIV, including individual behaviors, household-level characteristics, and structural factors such as poverty, reduced economic opportunities, and stigma (Strike et al., 2012) . In a comprehensive review, Weiser and colleagues (2011) proposed three primary pathways (nutritional, behavioral, and psychological) for understanding the connection of food insecurity and HIV acquisition and progression. Food insecurity can not only impact health directly through inadequate nutrition and nutrient deficits ), but also operate indirectly via adverse psychological effects and behavioral strategies that influence health outcomes. In this regard, the immediate need for adequate food can lead to the adoption of risky behaviors and coping strategies, such as sex exchange, which increases the risk for HIV acquisition (Ivers et al., 2009) ; similarly, stress associated with inadequate financial resources to meet basic needs (e.g., food and shelter) can increase both psychological distress and substance use (Weiser et al., 2011) , which in turn predict ARV adherence and virologic failure among HIV-positive individuals over time (Mugavero et al., 2009) . Negative behavioral coping, such as missed HIV clinic visits and ARV medication interruptions, is also linked to poorer health and virologic outcomes among vulnerable individuals (Weiser et al., 2011) .
The current paper examines the prevalence of food and housing insecurity among substance using HIVpositive patients in South Florida, and explores the association of food and housing insecurity with psychological distress and poor behavioral coping strategies, including ARV non-adherence and ARV diversion. The unlawful sale and trading of ARV medications, or diversion, was recently documented among indigent HIV+ patients in urban South Florida (Surratt, Kurtz, Cicero, O'Grady, & Levi-Minzi, 2013 ), but has not been studied in relation to food insecurity. This paper extends prior research by examining multiple psychological, behavioral, and environmental domains impacting ARV treatment adherence among highly vulnerable HIV+ individuals.
Methods

Target population and study eligibility
The target population for this study was indigent HIVpositive substance users in South Florida. Study inclusion criteria were: age 18 or older; cocaine or heroin use 12 or more times in the prior 3 months; documented HIV+ status; and, current ARV prescription. In addition, diverters endorsed at least one occasion of ARV diversion in the prior 3 months.
Study recruitment
Participants were located through targeted sampling techniques (Watters & Biernacki, 1989) , which have been used extensively for studying hard-to-reach populations. Two primary elements of targeted sampling guided recruitment: (1) the identification of specific geographic areas (defined by high HIV prevalence/high poverty zip code boundaries); and (2) information on ARV diversion from key informants (KIs) in the targeted communities (including treatment professionals, community outreach workers, HIV service providers, as well as a variety of street-level drug users). Initial recruitment efforts targeted the geographically clustered communities to the north of downtown Miami that are intersected by the highest rates of HIV/AIDS (Miami Dade County Department of Health, 2012) and highest poverty indices in Miami-Dade County, and were subsequently expanded to other locales based on information from KIs. Study recruitment was carried out by a team of professional field staff and outreach workers. Direct outreach was utilized to distribute study information cards and flyers in a variety of street venues and community-based HIV service organizations within the identified target areas.
Study procedures
Study recruiters made contact with potential participants in various street and service locations in accordance with the targeted sampling plan. Potential participants were given contact information for the project, and were asked to participate in telephone screening for eligibility. Those meeting project eligibility requirements were scheduled for appointments at the field site, where they were rescreened. In total, 2112 individuals were screened for the study, 599 met study eligibility criteria, and 503 were enrolled. By design, we enrolled approximately equal numbers diverting their personal ARV(s) (N = 251) and not (N = 252). After eligibility was confirmed, informed consent was obtained. A one-time standardized assessment was then administered, which took approximately one hour to complete. Participants were paid a $30 stipend upon completion of the interview, and were offered a variety of educational and risk reduction materials. All project staff completed the requirements for National Institutes of Health (NIH) web-based certification for protection of human subjects. Study protocols were approved by the University of Delaware's (predecessor institution) and Nova Southeastern University Institutional Review Boards. A Certificate of Confidentiality from the NIH was also obtained and a copy was offered to participants.
Data collection and measures
Trained interviewers conducted computer-assisted personal interviews. Interviews were offered in either English or Spanish, according to the participant's language preference. Three members of the interview team were fully bilingual. The Global Appraisal of Individual Needs (GAIN, v. 5.4; Dennis, Titus, White, Unsicker, & Hodgkins, 2002) was the primary component of the standardized assessment. The GAIN captures information on demographics, mental health status, including DSM-IV depression and anxiety measures, services utilization, trauma and victimization, substance use and DSM-IV dependence, and sexual risk behaviors, and has established reliabilities. Standardized instruments also assessed HIV diagnosis/treatment history (RAND Corporation, 2006) , ARV adherence (Chesney et al., 2000) , attitudes toward HIV care providers (Bodenlos et al., 2004) , and HIV treatment access (RAND Corporation, 1998); a newly developed instrument assessed ARV diversion.
Demographic information gathered on study participants included age, race/ethnicity, gender, and level of education. Data were collected on a variety of contemporary life stressors, including financial, legal, medical, and relationship issues, using items adapted from the Crisis in Family Systems (CRISYS) life stress scale (Shalowitz, Berry, Rasinski, & Dannhausen-Brun, 1998) ; this instrument was specifically developed to examine salient stressors for low income, vulnerable populations. Food/housing insecurity was examined using a single adapted item: In the 3 months prior to interview, did you go without food, housing, or other necessities because you did not have the money? Food/housing insecurity was the primary independent variable for analysis, allowing for examination of participants' unmet subsistence needs and their association with ARV adherence.
Health status was measured by three items: perceived general health in the past year, ranging from poor to excellent on a 5-point scale. HIV clinical outcomes were assessed by self-report of most recent CD4 count and viral load. Viral load was dichotomized into undetectable versus not.
Psychological factors
Mental health subscales in the GAIN are based on DSM-IVR criteria: 9 items assess depression symptoms, 12 items assess anxiety symptoms, and 13 items assess traumatic stress over a 12-month period (Bohlig & Dennis, 1996; Dennis et al., 2002) . In all cases, higher scores indicate greater problem severity. Summary scores yield classifications of: none/minimal (0-1), moderate (2-5), and severe (6-9) for depression; none/minimal (0-1), moderate (2-6), and severe (7-12) for anxiety; and none (0), moderate (1-4), and severe (5-13) for traumatic stress. Alpha reliability coefficients for the depression, anxiety, and traumatic stress scales were 0.87, 0.88, and 0.83, respectively.
Substance dependence was assessed using DSM-IV criteria, which consists of seven items measuring past year drug problem severity. Endorsement of six or more items (e.g., using more or longer than intended, withdrawal problems) resulted in classification of severe dependence. The alpha reliability coefficient for the DSM-IV dependence scale was 0.83.
Behavioral factors
Participants self-reported ARV adherence in the past seven days using the AIDS Clinical Trials Group (ACTG) instrument (Chesney et al., 2000) ; information was gathered on total ARV doses prescribed and total doses missed in this time period. Using these data, weekly ARV doses taken were computed and divided by total doses prescribed to generate an adherence percentile score. ARV diversion was measured by the following item: "When was the last time, if ever, that you sold or traded any of your HIV medications to another person for any reason?" For analysis, this variable was dichotomized into "within the past 3 months" or "not within the past three months."
Environmental factors
Participants reported perceptions of their HIV medical providers' professionalism and emotional support using an abbreviated version of the Attitudes toward HIV Health Care Providers Scale (Bodenlos et al., 2004) . Scores ranged from 12 to 48, with higher scores indicating more positive attitudes. The alpha reliability coefficient for this scale was 0.87.
General access to health care was assessed using an adaptation of the Health Cost and Services Utilization Study Questionnaire (RAND Corporation, 1998) . Perceived access to health care was measured by seven items, including access to specialists and hospital care. Scores ranged from 7 to 28; higher scores reflect greater perceived access to care. The alpha reliability coefficient for this scale was 0.87. A single variable assessing time with regular source of HIV care was also utilized from this questionnaire.
Data analysis
Five hundred and three eligible participants were enrolled in the study between 2010 and 2012. Data from the interview questionnaires were analyzed using SPSS for Windows. Descriptive statistics were calculated to describe the sample in terms of food/housing insecurity. Chi-square and t-tests were utilized to examine differences in socio-demographic (age, gender, race, AIDS Care 309 and education), environmental (HIV treatment access, attitudes toward providers, and HIV care stability), psychological (depression, anxiety, traumatic stress, and substance dependence), and behavioral domains (ARV adherence, ARV diversion) by food/housing status.
Subsequently, a multivariate linear regression model was constructed to examine whether food/housing insecurity was significantly associated with past week ARV treatment adherence, while controlling for variables displaying significant differences in the initial descriptive analyses. For the regression analysis, percent ARV adherence was the outcome of interest and was treated as a continuous variable. Depression, anxiety, traumatic stress, and substance dependence measures were included as continuous variables, using total symptom counts. Multicollinearity analyses were conducted for the independent variables of interest, including food/housing insecurity, depression, anxiety, trauma, substance dependence, HIV treatment access, months in HIV care, attitudes toward HIV providers, and ARV diversion. Depression and anxiety symptoms were highly correlated (0.80), as were anxiety and traumatic stress (0.71) but no evidence of multicollinearity was observed upon examining the variance inflation factors (<4). Variance inflation and correlation coefficients were within acceptable limits for all other variables; however, the condition index for the measure of attitudes toward care providers exceeded 30 (Callaghan & Chen, 2008) , and this variable was removed from the model to reduce collinearity. Variables were entered simultaneously into the linear regression model.
Results
The prevalence of recent food/housing insecurity among this sample of HIV-positive substance users was elevated at 43.3%. As indicated in Table 1 , the inability to consistently meet food/housing subsistence needs was associated with a number of health disparities, including significantly higher likelihood of severe psychological distress (depression 73.4% vs. 40.4%, χ 2 < .01; anxiety 49.1% vs. 17.9%, χ 2 < .01; traumatic stress 77.5% vs. 49.8%, χ 2 < .01), severe substance dependence (70.2% vs. 43.9%, χ 2 < .01), and lower likelihood of achieving an undetectable viral load (46.2% vs. 57.0%, χ 2 =.02).
Food/housing insecure participants were also significantly more likely to report poor behavioral coping, with nearly 60% endorsing diversion of their ARV medications in the past three months (59.6% vs. 42.5%%, χ 2 < .01). Past week ARV treatment adherence levels also suffered among the food/housing insecure, with just 47.2% achieving gold-standard 95% medication adherence in this brief time period (47.2% vs. 59.3%, χ 2 < .01). Food/housing insecure participants also reported significant comparative deficits in their HIV care environment; In particular, this group on average had less time in consistent, stable care (50.2 months vs. 66.1, t = 3.0; p < .01), reported lower access to both routine and emergency medical care (22.5 vs. 24.8, t = 5.8; p < .01), and reported less favorable attitudes toward their HIV care providers (42.7 vs. 44.6, t = 3.8; p < .01). Table 2 presents the results of the multivariate linear regression model examining the impact of food/housing insecurity, DSM-IV depression, anxiety, traumatic stress, and substance dependence, time in HIV care, HIV treatment access, and ARV diversion on ARV adherence. Food/housing insecurity and ARV diversion demonstrated significant main effects on adherence: food/ housing insecurity was associated with lower past week HIV medication adherence (β = −0.062, p = 0.044); likewise, endorsement of HIV medication diversion was also associated with reduced HIV medication adherence (β = −0.227, p < 0.01), compared with nondiverters.
The regression model had an adjusted R square of 0.156.
Discussion
The present study documented an elevated prevalence of recent food/housing insecurity among indigent HIV+ substance abusers in South Florida, with 43% reporting the inability to meet these basic needs due to a lack of financial resources. This finding resonates with other literature among highly vulnerable samples of drug users and HIV+ individuals in both the USA and Canada, where the prevalence of food insecurity has ranged from 34% to 54% Vogenthaler et al., 2010) . These data reflect the difficult daily realities of impoverished individuals managing a complex and chronic illness in a context where routine access to the most basic necessities is lacking. Our data contribute to the existing literature by demonstrating that food/housing insecurity is a significant environmental stressor, broadly contributing to higher psychological distress, higher substance dependence, lower ARV adherence, lower access to health care, and higher viral load in our sample of vulnerable HIV+ individuals. These findings are consistent with prior work examining environmental stressors in poverty contexts, which indicate that neighborhood level disorder and disorganization can impact psychological distress (Hill, Burdette, & Hale, 2009; Hill, Ross, & Angel, 2005; Latkin, Williams, Wang, & Curry, 2005) , HIV risk behaviors and health outcomes (Latkin & Curry, 2003; Ross & Mirowsky, 2001) .
Our data show that indigent substance abusing patients with high levels of competing needs face challenges with ARV adherence. Active substance use has been a well-documented predictor of poor ARV medication adherence in a variety of studies (Arnsten et al., 2002; Celentano & Lucas, 2007; Gebo, Keruly, & Moore, 2003; Halkitis, Palamar, & Mukherjee, 2008; Johnson et al., 2003; Levine et al., 2005; Lucas, Cheever, Chaisson, & Moore, 2001; Palepu, Horton, Tibbetts, Meli, & Samet, 2004; Tucker, Burnam, Sherbourne, Kung, & Gifford, 2003) and this has been attributed to a variety of factors, including the competing demands of drug seeking and use, poor psychological functioning, social instability, chaotic lifestyles, and poor quality health care (Hinkin et al., 2004; Ingersoll & Heckman, 2005; Sharpe, Lee, Nakashima, Elam-Evans, & Fleming, 2004) . The present study documented modest ARV adherence levels overall, and found that food/housing insecurity further reduced ARV adherence, after controlling for substance dependence, psychological distress, and other factors. Moreover, these factors can be synergistic, creating a recursive cycle that perpetuates negative health consequences. These findings suggest that health-care providers should routinely assess unmet subsistence needs among vulnerable HIV+ patients, as appropriate assistance programs could be targeted.
Food/housing insecurity was also linked to the diversion of ARVs, which in turn was associated with reduced adherence. Our data provide evidence that ARV diversion by indigent HIV+ patients is driven, at least in part, by inconsistent access to basic resources that renders individuals vulnerable to poor behavioral coping. The priority of immediate health and safety concerns appears to directly impact medication diversion decisions, with individuals sacrificing longer-term health benefits in order to manage daily life stressors. The expense of ARV medications has made these drugs increasingly vulnerable to diversion due to their high cost and consequent high value on the black market (Allen, 2007; Beras, 2007; Flaherty & Gaul, 2003; LaPadula, 2005; Surratt et al., 2013) , and for patients already marginalized by poverty, homelessness, substance use, and other environmental stressors, negligible monetary incentives can influence their engagement in diversion (Surratt et al., 2013) . Recognition of ARV diversion as a potential barrier to ARV adherence and viral suppression assumes great importance for public health professionals and HIV care providers who interact with highly vulnerable patient caseloads.
Limitations
This study has limitations which should be noted. First, although study data were gathered from a large sample of HIV+ substance abusers, the sample is not representative. Recruitment was limited to drug-involved, impoverished individuals, and targeted specific geographic areas with high poverty concentrations. As well, the focus on ARV diversion likely yielded a sample different from other HIV+ community-based samples, and as a consequence generalizability is limited. An additional limitation involves the use of self-report data and the potential for reporting biases. Recall problems and social desirability biases may have influenced participant responses in some cases, though the high levels of drug use, diversion, and low adherence reported suggest that data were not biased by substantial under-reporting of socially undesirable behaviors. A particularly important study limitation relates to the measurement of food/housing insecurity using a single dichotomous item. Data were drawn from an exploratory study designed to capture information on a wide array of individual and environmental-level factors hypothesized to be linked to ARV diversion and nonadherence, and as such, the brief measurement of financial stressors lacked some key details. In this regard, the use of a combined food/housing item rendered us unable to examine the potentially unique contributions of food versus housing insecurity to ARV adherence. Although prior research has indicated that food insecurity and housing instability are often experienced jointly by vulnerable populations (Kushel et al., 2006; Vogenthaler et al., 2010) , disentangling the independent effects of these unique unmet needs is an important direction for future research, given the differing implications for intervention that each confers.
Conclusion
Despite these limitations, data from the present study clearly indicate that food/housing insecurity operates as a significant driver of ARV non-adherence in this indigent patient population. Understanding the role of acute environmental stressors such as these in impacting personal health behaviors may be useful to inform screening, assessment, and intervention efforts by health-care providers. Provider-initiated dialogs to engage vulnerable patients in sensitive discussions regarding personal and environmental barriers to their HIV treatment plans appear critical. Furthermore, our findings point to the need for the large scale implementation of comprehensive, wrap around services in primary care settings to address unmet food and housing needs among highly marginalized patients with HIV.
